GRADIENT DENSITY METHOD AND APPARATUS 



BACKGROUND OF THE INVENTION 

This invention relates to density gradient tubes, methods of forming, using and transporting 
density gradient tubes and apparatus for forming, using and transporting gradient tubes from place 
to place. 

Density gradient solution tubes have long been used to separate different density components 
of mixtures. Apparatuses for automatically forming density gradient solutions such as density 
gradient solutions of sucrose or cesium chloride solutions and apparatuses for detecting and 
collecting fractionated components of a mixture separated in a density gradient tube such as by 
density gradient centrifugation are known. For example, one apparatus for automatically forming 
a density gradient solution is disclosed in United States Patent 4,753,892 and an apparatus for 
detecting and collecting fractionated components of the sample mixture after density gradient 
centrifugation is disclosed in United States Patent 3,151,639. 

In the prior art use of density gradient solutions separation, the density gradient solutions are 
formed in density gradient tubes at or near the location of use and used, such as for fractionation by 
density gradient centrifugation, very soon after formation of the gradient in the tube and before the 
gradient degrades significantly. This prior art method has several disadvantages, such as for 
example: (1) it requires expensive equipment on site to form gradients as needed; and (2) it requires 
considerable time of skilled and well paid scientists and technicians to prepare the gradients. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide a novel method of utilizing density 
gradient solutions. 

It is a further object of the invention to provide a novel method of handling density gradient 
solutions. 

It is a still further object of the invention to provide a novel system for the efficient 
performance of density gradient separations. 

It is a further object of the invention to provide a novel technique for the preparation of 
density gradient solutions. 

It is a still further object of the invention to provide a novel method for preserving gradients 
or parts of gradients or partly formed gradients for long periods of time before using them. 

It is a still further object of the invention to reduce the amount of time that scientific 
personnel in laboratories must spend in forming density gradient solutions for use. 

It is a still further object of the invention to provide a novel density gradient solution or part 
of a density gradient solution. 

In accordance with the above and further objects of the invention, density gradient solutions 
are formed or partly formed or parts of density gradient solutions are formed and immobilized, after 
which they may be moved to a new location and utilized or may be left standing where formed for 
a reasonably long period of time before actual use. In one embodiment, the gradients are formed and 
immobilized such as by freezing to preserve the gradient until it is ready for use at that location or 
to permit it to be moved to a new location for use without disrupting the density gradient solution. 
The density gradient solution may be partly formed before freezing such as by forming layers of 



different density, which upon melting will merge to form a smooth gradient or the smooth gradient 
may first be formed and then frozen. Moreover, portions of a gradient may be frozen and then 
stacked one on the other in a gradient tube and permitted to melt and merge into a smooth gradient 
at a new location. All of these techniques provide a practical method whereby gradients or parts of 
gradients may be formed at a central location and then shipped. 

This procedure of forming, immobilizing, storing or moving the immobilized gradients and 
re-mobilizing the density gradient solutions for use provides flexibility to the scientist in quickly 
forming gradients with shorter amounts of time. For example, entire density gradient solutions in 
centrifugation tubes may be stored in a freezer or portions of gradients may be stored in a freezer 
for assembly and use later or partly formed density gradient solutions may be formed and stored in 
a freezer for completion later. A laboratory may store several of the density gradient solutions that 
it commonly uses or may order them for quick delivery as needed. The scientist may order gradients 
from a catalog of common standard sizes or may have them custom made quickly and efficiently at 
the central location for shipment to the scientist's laboratory. 

As can be understood from the above description, the technique of this invention has several 
advantages, such as for example: ( 1 ) it reduces the amount of time that skilled personnel must spend 
in forming density gradient solutions; (2) it reduces the cost of density gradient separations; and (3) 
it permits great flexibility in the formation and use of density gradient solutions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above noted other features of the invention will be better understood from the following 
detailed description when considered with reference to the drawings, in which: 
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FIG. 1 is a block diagram of a system for performing gradient density separations in 
accordance with an embodiment of the invention; 

FIG. 2 is a block diagram of a process for forming and immobilizing a density gradient 
solution in accordance with one embodiment of the invention; 

FIG. 3 is a block diagram of another embodiment for forming and immobilizing a density 
gradient solution; 

FIG. 4 is a block diagram of an embodiment for performing the process of FIG. 1 ; 

FIG. 5 is a block diagram of a system for forming a gradient in accordance with an 
embodiment of the invention; and 

FIG. 6 is a simplified diagram of apparatus for re-mobilizing an immobilized gradient in 
accordance with an embodiment of the invention. 

DETAILED DESCRIPTION 

In FIG. 1 , there is shown a block diagram of a process 1 0 for using density gradient solutions 
including the step 12 of forming or partly forming and immobilizing density gradient solutions or 
parts of density gradient solutions, the step 16 of moving the density gradient solution or parts of a 
density gradient solution to a new location and the step 1 8 of re-mobilizing the density gradient 
solutions for use in separating components of a mixture by density. The density gradient solutions 
may be formed completely prior to immobilization such as by using any of the commercially 
available automatic density gradient formers. One such gradient density is formerly described in 
U.S. Patent 4,753,892 to Coombs issued June 28, 1988. Generally the solution must be degassed 
before immobilization to avoid excessive disturbance of the density gradient solution by bubbles 



during re-mobilization. Degassing can be accomplished using known degassing techniques such as 
that disclosed in United States Patent 3,751,879 to Allington, issued August 14, 1973. 

The system of FIG. 1 includes several variations of the step 12 of forming or partly forming 
and immobilizing density gradient solutions or parts of density gradient solutions. The density 
gradient solution may be, for example: (1) completely formed with the pre-planned final length of 
the column and with the pre-planned rate or rates of change of concentration along the length of the 
column and then immobilized before storing or moving; or (2) may be formed in sections each of 
which is less than the pre-planned final length but with the final rate of change of concentration and 
immobilized for assembly of sections into a density gradient solution with the pre-planned length 
and gradient after being moved or stored for a time but before re-mobilization; or (3) formed with 
one or more sections having shorter than the pre-planned final length and with a rate of change of 
concentrations different from that pre-planned length for assembly after moving or storing the 
section but before re-mobilizing and for forming the planned rate of change of concentration after 
re-mobilizing; or (4) with the pre-planned final length of column but not having the pre-planned final 
rate of change of concentration along its length for correction of the concentration after re- 
mobilization. Still other variations may be possible. In this specification, "rate of change" as applied 
to concentration of density of solutions means every change including several rates of change or 
several different gradients or abrupt changes. Similarly , gradient may mean any change in density 
or concentration. 

The immobilization of the density gradient solution or part of density gradient solution may 
be accomplished in several different ways. In the preferred embodiment, the immobilization is done 
by freezing, but other immobilization techniques or combinations of immobilization techniques can 
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be used as described below. In some embodiments, the gradient may be immobilized as it is formed. 
It can be immobilized as it is formed by depositing layers of different densities one on the other in 
a highly porous material or by applying layers of cold density gradient solutions of different 
concentrations one over the other in a cold gradient density tube so they freeze as applied. It is even 
possible to permit separation while the gradient is in its immobilized form in a porous matrix. 
Moreover, matrix may be formed of material that can be chemically broken down or removed by 
radiation or by a temperature change to re-mobilize an already formed density gradient solution. In 
some embodiments a gel may be utilized or the combination of a viscous material and cold 
temperatures or large porous electrically resistive sections containing a density gradient solution 
immobilized within it because of the matrix or because of a combination of the matrix and cold 
temperatures. The matrix and density gradient solution in the matrix that is frozen or viscous 
because of cold temperature can be re-mobilized by passing an electric current through the matrix 
to evenly heat it. In another embodiment, the gradient may be formed and then chemically converted 
into a gel right after forming, moved to a new location and then chemically returned to a more 
mobile state. 

Immobilization in this specification means that the gradient layers are not mixed to an extent 
to prevent a useful separation by density of the components of a sample even when subjected to 
stress such as by mild jolting during transportation or shaking or the like. In some cases, this may 
be referred to as a hard freeze, but in other circumstances where there is going to be minor influences 
that would cause mixing, it can only mean putting the material in a highly viscous state for the time 
needed and to withstand the amount of vibrations or shaking or disruptions that may occur. The 
density gradient solution is re-mobilized when impediments to the separation of components of a 



sample by density in it are removed to a sufficient extent to permit practical separation. When the 
density gradient solutions or partly formed density gradient solutions or parts of density gradient 
solutions have been immobilized, they may be maintained in that state until ready for use. 
Advantageously they can be shipped even through long distances and quickly put into use without 
the expenditure of time or the use of special gradient forming equipment at a laboratory as shown 
in step 16. 

The step 16 of moving density gradient solutions or parts of density gradient solutions to a 
new location can also be performed in different modes. For example, density gradient solutions or 
parts of density gradient solutions can be prepared and immobilized in a facility and stored until it 
is pre-planned to use them. They can be then removed from storage, re-mobilized in the facility and 
used as shown in step 18. Density gradient solutions can also be partly formed and/or parts of 
density gradient solutions can be formed or partly formed and immobilized in a central facility and 
shipped to one or more remote facilities or locations where they can be re-mobilized for use or 
assembled, re-mobilized and used or assembled, re-mobilized and completed such as be smoothing 
the gradient with diffusion and used. 

In partly forming density gradient solutions for immobilization and storage or shipment 
partly formed for completion later, layers of different densities are formed one on top of the other 
with relatively sharp transitions between the layers and immobilized in that form. With this 
embodiment, the density gradient solution is re-mobilized and then caused or permitted to form a 
continuous gradient by the gradual merger of one layer into the other such as for example by 
diffusion. Also, complete gradient density tubes need not be formed before immobilizing but 
smaller sections such as for example a series of different density sections can be immobilized and 
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stored or shipped to another location in the same or different packages. After being stored or 
shipped, the sections can be assembled at the site for use and re-mobilized in accordance with the 
need of the researcher at the time for performing the separation. This permits a research laboratory 
to store a large number of immobilized different density sections for assembly at any time relatively 
easily. For example the researcher can select a section of the highest density pre-planned and than 
assemble successively lower density sections in order above the highest density section. The stack 
of sections can then be immobilized and permitted or caused to combine into a continuous gradient. 

The step 18 will generally be performed just before use of the density gradient solution in 
a separation process. In some cases, the immobilized solutions will be layered and will have to be 
permitted to stand or a gradient forming machine used to finish forming the gradient. Because 
thermal discontinuities during melting of frozen gradient density solutions can result in convection 
of the liquid that may disrupt the gradient in time, the warming of the frozen gradient or gradient 
parts should be done as uniformly as possible throughout the cross-section of the gradient tube. For 
this reason, the warming may be done in a water bath or other specialized equipment. 

In FIG. 2, there is shown a block diagram of one embodiment 12 of the process of forming 
or partly forming an immobilized gradient including the step 20 of forming a degassed density 
gradient solution in a container. While it is not necessary in some embodiments to form the 
complete density gradient solution in a container such as a gradient tube, the embodiment 12 has the 
advantages of permitting quick use at a distant site by the researcher. In embodiments where only 
part of a gradient is formed and then shipped for insertion into an empty gradient tube in sections, 
further steps are needed to complete the density gradient solution in the proper separation tube for 
use whereas in the embodiment of FIG. 1 it is only necessary to re-mobilize the density gradient 
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solution prior to use, which in a preferred embodiment may be done simply by increasing the 
temperature of a frozen gradient until it is sufficiently mobile. Moreover, at the central location 
where the density gradient solution is prepared, the complete gradient may be quickly formed using 
automatic equipment as described above. Once the gradient is formed but before it has time to be 
altered significantly by dispersion, it can be frozen hard as shown in step 22 or immobilized by some 
other technique. 

In FIG. 3, there is shown another embodiment 12A of the step of forming and immobilizing 
a density gradient solution including the step 24 of preparing at least two fluids of different densities 
such as two sucrose solutions of different concentrations of sucrose, the step 26 of cooling both of 
the solutions to near freezing, the step 28 of cooling the density gradient tube to freezing or below 
freezing and the step 30 of forming a partially complete immobilized gradient by layering the 
precooled fluids in a cooled density gradient tube under conditions resulting in quick freezing so that 
the result is an immobilized density gradient tube with layers of different density which will by 
dispersion form a gradient upon warming. 

In FIG. 4, there is shown a block diagram 32 of apparatus for utilizing density gradient 
solutions having a forming site or central station 34 and one or more warming stations shown at 42A, 
42B, and 42C, each with a corresponding one of the centrifuges 43A-43C. Of course only one 
warming station may be utilized but generally there will be one central station and a large number 
of warming stations in different parts of the country or different parts of the world to which gradients 
are shipped for use at the warming station. The central station 34 typically includes a gradient 
former 36 for automatically forming gradients, a refrigeration unit or other immobilization 
equipment 38 and a packaging unit 40 for packaging together immobilized containers such as 
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gradient tubes packed in dry ice boxes in the manner other frozen goods such as frozen foods are 
shipped. These may then be shipped by the normal commercial approaches for shipping frozen 
goods such as frozen foods such as by commercial courier or specialized trucks or aircraft. 

In FIG. 5, there is shown a system 36 for automatically forming gradients having a controller 
46, first and second pumps 48A and 48B, first and second fluid sources 50A and 50B, a mixer 52 
and a density gradient tube 54. The pumps 48 A and 48B are controlled by the controller 46 to cause 
the pump 48A to pump a fixed amount of high density solution from the fluid source 50A and for 
pump 48B to pump a lower density solution from the fluid source 50B into the mixer 52. The 
amounts of the high density and low density solutions are varied by the controller 46 so that the 
mixer 52 applies different density layers to the tube 54 under the control of the controller 46 for 
immobilization and shipping. A strip 57 of a substance that changes color or melts and runs upon 
heating can be located on a tube after the gradient is frozen or located elsewhere with the tubes so 
that the recipient can be assured the frozen density gradients have not melted in transit and thus have 
not lost their stable state. Where the size of the shipment justifies the cost, an inexpensive 
temperature indicator or recorder can be included in the package such as the DS 161 5 temperature 
recorder sold by Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086. 

In FIG. 6, there is shown an embodiment of a warmer 42 comprising a warming block 56 
which may be of metal, a plurality of openings 54A - 54H in the warming block 56 to receive 
density gradient tubes 54 (shown in FIG. 5) having frozen density gradient solutions in them. The 
block 56 has an electrical resistant warming cable 58 powered by a power supply 60 connected 
electrically to the resistance wires 62A-62C. The power supply 60 is used to apply electrical current 
to the resistance wires 62A-62C at a rate to gradually warm the metal block 56 so as to apply 
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uniform heat to the density gradient tubes 54. The block 56 is maintained at a preset temperature 
by a feedback system having a temperature sensor 66 connected to the power supply 60 by a 
conductor 64. This process is intended to avoid thermal gradients within the density gradient tubes 
54 which may cause one section to become immobilized before another. The immobilization of one 
portion of the frozen density gradient solution before another could cause mixing to reduce the 
uniformity of the density gradient solution. Of course other warming techniques can be utilized such 
as a water bath or the like. 

While the preferred embodiment utilizes a single immobilization technique such as freezing, 
multiple techniques can be utilized for the same density gradient solution or density gradient solution 
part. For example, a chemical immobilization technique may be utilized together with a temperature 
technique with the two combining to form the pre-planned viscosity. The lowering of temperature 
may not only accomplish freezing but may be utilized to trigger a reaction forming a gel in which 
case the cycle may be to warm the reaction mixture and then cool the reaction mixture with the re- 
mobilization being, as an example, heating to a higher temperature or the use of still another 
chemical or the use of radiation or the like. 

From the above description, it can be understood that, there are several advantages to the 
system and apparatus for utilizing density gradient solutions, such as for example: (1) under some 
circumstances it may avoid the necessity of laboratories buying expensive gradient forming 
equipment; (2) it reduces the amount of time that researchers need to spend doing the relatively 
menial task of forming density gradient solutions; and (3) it permits the formation of specialized 
density gradient solutions such as density gradient solutions with different variations and in some 
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circumstances perhaps even different gradient materials such as may be formed in parts and frozen 
at a site and then withdrawn from stock in different combinations at remote laboratories. 

While a preferred embodiment has been described with some particularity, it should be 
understood that, within the scope of the appended claims, the invention may be practiced other than 
as specifically described. 
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